Introduction
The determination of trace amounts of mercury in biological material is of considerable interest for the control of occupational exposure, as well as for the study of environmental pollution generally. Atomic ions in solution are reduced by Sn + or some other reducing agent to metallic mercury, which is driven out of the solution by an air or gas stream. The mercury-containing gas passes through a gas cell in a spectrophotometer, where its light absorption at 253"7 nm is measured.
In this laboratory, a rapid, flameless atomic absorption method for mercury in urine was worked out in 1970 by Lindstedt [2] . This principle is very well suited to automation and an instrument was later constructed by Lindstedt and Skare [3] , which was able to analyse 60 digested urine or blood samples in about 2 h without supervision. The detection limit was about ng of mercury per sample. This instrument worked well in the laboratory for more than 10 years; when it began to fail due to excessive wear, it was evident that a succeeding automatic mercury analyser ought to be computerized. Since the worn-out mercury analyser had functioned quite well, it was decided that the purgation-tower principle should be retained. Three separate pumps were introduced for transferring sample solution and tin solution to the tower and emptying the tower after the mercury had been blown out. The mechanical relays and switches were replaced with electronic tools.
Other automatic instruments for mercury analysis have been constructed by Agemian and Chau [4] , Koirtyohann Phase 10 is finished when the absorbance has reached the baselevel that it had in phase 2. After that the apparatus is at rest for another 30s (phase 1), before the next analysis is started. The duration of phase 10 is 50-80s, dependent on the amount of mercury in the sample. The whole working cycle takes 160-200s. The flow of nitrogen through the tower and cell is continuous.
Regulation mechanism (see figures 2 and 3)
The computer has both ke ooard and machine instructions; the latter gives access to all 237 processor instructions. The program is stored on magnetic cards, which are stuck into a slot in the machine to load the program into the computer before each series of analyses is started. Mercury in air is collected in personal sampling tubes containing manganese dioxide as described by Janssen et al. [9] . The adsorbent is dissolved in acid and a 2 ml aliquot is analysed in the automatic apparatus.
Mercury standards: each series of samples must be accompanied by some samples of the same type (urine, blood etc.) containing known amounts of mercury, which are .analysed in the same way as the unknown samples. Urine or blood samples which are low in mercury are spiked with mercury standard solution corresponding to 0-100 #g Hg/1 (=0-500 nmoles/l) for urine and 0-75 #g Hg/1 (=0-380nmoles/1) for blood.
Instrument settinTs: wavelength 253"7 nm, scale expansion 10X, recorder range 10mV (for blood), 20mV (for urine), nitrogen flow 100ml/min.
Analysis" when the sample tubes are in the turntable of the sample changer, the atomic absorption spectrophotometer is switched on and allowed to reach equilibrium. The magnetic cards (three for the whole program) are stuck into the computer to introduce the program. The nitrogen flow is adjusted to 100 ml/min, the control device is switched on and a sample containing water is pumped into the tower by pressing the corresponding push-button. The tower is then drained manually. The series of analyses is then started by pressing the RESUME key on the computer. The apparatus now analyses the whole series of samples automatically and stops after the last sample.
Calculation: the light absorption of the samples is registered on the recorder strip and the peak absorption (in arbitrary units) is also printed on paper by the computer. Twenty-five identical blood samples were analysed (mean" 133.25nmol Hg/1; SD: +4.34.; CV: +_3"25; range: 127.1-141.4).
If the limit of detection is defined as twice the standard deviation, it will be 0"25 ng Hg/sample for aqueous standard and 0"34 ng Hg/sample for blood. Since each blood sample contains 0.2 ml of blood, the lowest detectable mercury content in blood will be 1.7 ng/ml or 8.5 nmol/1. The normal blood mercury in occupationally unexposed persons is generally higher (4-5 ng/ml).
Different methods of evaluation
The mercury content of the samples can be calculated from their light absorption in three different ways" (1) from the printer figures" (2) by measuring the peak heights on the recorder strip; (3) by measuring the peak areas. In more sophisticated instruments, the integration of peak area is performed electronically. Since this facility was not available, the printed peak areas were measured by weighing after cutting them out with scissors. The integration method requires the computer program to be changed to allow all mercury to be aerated out of the tower and cell before the tower is drained ofsolution. It is also essential that the nitrogen flow is kept constant during the whole series of analyses. The peak height is less sensitive to small changes in gas flow [23.
Six different urine samples were analysed (five parallel runs of each), and the absorption evaluated by all three models.
Between the printer figures and peak heights, there was always a constant factor of 1.20+0"01. These figures both reflect maximum absorbance, one measured manually and the other electronically. The quotient between paper weight (mg) and peak height is subject to a larger variation: from 1"05 to 1'20.
Within each series of parallel runs, the variation was lowest for the peak height method (C 1.4.3.8%) and highest for the peak area method (CV 1. 5-6. 3o).
Variation in sensitivity for different matrices
As indicated above, the mercury content ofthe samples analysed is determined by comparison with standard samples prepared from a blood or urine originally containing very little mercury. It is then assumed that the sensitivity (the slope of the.calibration curve) is the same for all urine or blood samples. If not, the only alternative would be to make standard additions to each sample analysed. The latter method is often used in atomic absorption analysis but it is time-c0nsuming since the number of samples which need to be analysed is more than double compared to the use of calibration curves.
To discover variation in sensitivity for different matrices, three urine samples were spiked with mercury standard corresponding to 250nmol/l and the increase in absorbance studied. The latter was estimated both by peak height and peak area. Five parallel runs were made on each urine.
For peak height, the increase was 62.6_+ 2.5, 69" _+ 1.1 and 64.7 +_ 1.6 scale units, respectively. The corresponding figures for peak area were 75"6_+2"5, 74.8+ 1.3 and 74"8__2"0mg paper weight. (The close resemblance between the figures for peak height and paper weight is purely coincidental.)
For peak height, the second sample differs significantly (p<0"001) from the two others, indicating that sensitivity is dependent on the matrix, for example unknown differences in composition of the urines. If the second sample is used as standard for evaluation of the first sample, an error of.10 would be made.
However, the peak area differs by only 1 between the three urine samples, this difference is not significant. conclusions can be drawn from these figures about which method is most independent of the sample matrix. Analysis of variance, however, showed that the difference in absorbance increase between samples is significant for the peak height (p=0.01) and not significant (0.05<p<0.2) for peak area. So peak area is a safer method of evaluation than peak height. In practice, however, ifthe samples are analysed only for estimation of occupational exposure,.an error of 10 can be tolerated and the less complicated peak height method justifiably used for routine purposes.
Variation in sensitivity durin9 one year's use As shown above, within-day variation in sensitivity may be related to differences in matrix composition between different samples. Between-day variation may also be influenced by varying purity in the porous filter in the tower, as well as by small differences in detector gain setting from day to day. If some pores of the filter are clogged, the gas bubbles generally get fewer and bigger, thus causing less effective purging of the solution. The peaks are then flat and extended, and the sensitivity is decreased.
As the instrument has been in routine use for more than a year, there is sufficient material to study long-term variation in sensitivity.
The mercury standard samples added to each series of analyses are well suited to make an estimation ofthe variation in sensitivity. The increase in absorbance for the highest standard sample was studied for urine and blood for all analyses performed during 1982.
For urine, the increase in absorbance for an addition of 499 nmol Hg/1 was 131.4_+ 8"7 printer units (N 37, CV 6"60; range" 117"2-155"7). In absolute units, the average sensitivity is calculated to 4.4 x 10 -' absorbance units/nmol/l.
For blood, an addition of 374nmol Hg/1 gave an average increase in absorbance corresponding to 76"6 +_ 5.3 printer units (N 54, CV 6.93; range" 66"9-89" 1). The average sensitivity is 3.4 x 10 -' absorbance units/nmol/1.
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